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(57) ABSTRACT

A multistage power supply system and method for providing
uninterrupted low voltage electrical power to control circuitry
in an electric or hybrid-electric vehicle. A first stage includes
a converter for receiving a low voltage input from a vehicle
battery and converting the vehicle battery low voltage input to
a high voltage output. A second stage provided in series
communication with the first stage includes a converter for
receiving one of a rectified AC high voltage input and the first
stage high voltage output and converting the one of the rec-
tified AC high voltage input and the first stage high voltage
output to a low voltage output for use in powering the vehicle
control circuitry. The low voltage output is produced by the
second stage from the rectified AC high voltage input when
the rectified AC high voltage input is present, and the low
voltage output is produced by the second stage from the first
stage high voltage output when the rectified AC high voltage
input is absent.
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1
MULTISTAGE POWER SUPPLY SYSTEM AND
METHOD FOR PROVIDING
UNINTERRUPTED POWER TO VEHICLE
CIRCUITRY

TECHNICAL FIELD

The following relates to a dual source, multistage power
supply system and method for use in an electric or hybrid-
electric vehicle for providing uninterrupted low voltage elec-
trical power to vehicle control circuitry.

BACKGROUND

As is well known in the automobile industry, electric
vehicles (EV) and hybrid-electric vehicles (HEV) may be
provided with one or more high voltage batteries for power-
ing the vehicle drivetrain. Such batteries require periodic
re-charging after depletion, which may be accomplished by
connecting the vehicle to a high voltage AC power line, which
may be 120 or 240 volt AC, supplied by an electric utility grid.
Such a connection may utilize a suitable vehicle connector
configured to interface with a vehicle on-board battery
charger (OBC).

Electric and hybrid-electric vehicles may also include a
low voltage battery, such as a 12 volt DC battery, for powering
low voltage vehicle electrical systems and circuitry. Some or
all of such electrical systems and/or circuitry of an EV or
HEV could be supplied with energy from a high voltage
power source when the vehicle is connected to an AC power
line. In that event, such a power source is virtually unlimited
and such an arrangement would help preserve the charge
and/or extend the life of the vehicle 12 volt DC battery. In the
absence of the vehicle connection to the AC power line,
certain control circuitry could be supplied with sufficient
power from the vehicle 12 volt DC battery to perform various
diagnostic functions and/or to permit reprogramming of that
control circuitry, such as re-flashing for software updates.

Such an arrangement, however, requires switching
between the high voltage power source and the vehicle 12 volt
DC battery, depending upon the presence or absence of the
vehicle connection to the high voltage AC power line. Such
switching may be accomplished using control circuitry and
suitable components to sense or detect the presence of the
high voltage power. The use of such control circuitry and
sensing components, however, adds cost to the EV or HEV
and necessarily increases the possibility of circuitry, compo-
nent and/or system failures.

As a result, there exists a need for multistage power supply
system and method for providing uninterrupted low voltage
electrical power to control circuitry in an EV or HEV. Such a
multistage power supply system and method would be dual
source, accepting energy from a high voltage power source
and a low voltage vehicle battery. Such a multistage power
supply system and method would provide low voltage power
for vehicle control circuitry from the high voltage power
source when the high voltage power source is present as a
result of a connection of an EV or HEV to a high voltage AC
power line, and would provide such low voltage power from
the low voltage vehicle battery when the high voltage power
source is absent. Such a multistage power supply system and
method, which could be implemented as part of a vehicle
OBC, would do so without control circuitry for switching
between the high voltage power source and the low voltage
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2

vehicle battery and with a minimal number of components in
order to reduce cost and improve reliability.

SUMMARY

According to one embodiment disclosed herein, a multi-
stage power supply system is provided for providing uninter-
rupted low voltage electrical power to control circuitry in an
electric or hybrid-electric vehicle. The system comprises a
first stage comprising a converter for receiving a low voltage
input from a vehicle battery and converting the vehicle battery
low voltage input to a high voltage output. The system further
comprises a second stage provided in series communication
with the first stage, the second stage comprising a converter
for receiving one of a rectified AC high voltage input and the
first stage high voltage output and converting the one of the
rectified AC high voltage input and the first stage high voltage
output to a low voltage output for use in powering the vehicle
control circuitry. The low voltage output is produced by the
second stage from the rectified AC high voltage input when
the rectified AC high voltage input is present, and the low
voltage output is produced by the second stage from the first
stage high voltage output when the rectified AC high voltage
input is absent.

According to another embodiment disclosed herein, a
method is provided for providing uninterrupted low voltage
electrical power to control circuitry in an electric or hybrid-
electric vehicle. The method comprises receiving a low volt-
age input from a vehicle battery, and converting the vehicle
battery low voltage input to a high voltage output. The method
further comprises receiving one of a rectified AC high voltage
input and the high voltage output, and converting the one of
the rectified AC high voltage input and the high voltage output
to a low voltage output for use in powering the vehicle control
circuitry. The low voltage output is produced from the recti-
fied AC high voltage input when the rectified AC high voltage
input is present, and the low voltage output is produced from
the high voltage output when the rectified AC high voltage
input is absent.

The method may further comprise providing a multistage
power supply system having a first stage and a second stage
provided in series communication with the first state. Receiv-
ing the vehicle battery low voltage input and converting the
vehicle battery low voltage input to a high voltage output may
be performed by the first stage of the multistage power supply
system. Receiving one of a rectified AC high voltage input
and the high voltage output and converting the one of the
rectified AC high voltage input and the high voltage output to
alow voltage output may be performed by the second stage of
the multistage power supply system.

According to further embodiments, the rectified AC high
voltage input may be produced as an output by a bulk power
source, the rectified AC high voltage input may have a mini-
mum value, the first stage converter may be provided in
communication with the bulk power source output, and the
first stage converter may have a setpoint less than the mini-
mum value of the rectified AC high voltage input so that the
first stage converter produces the first stage high voltage
output only in the absence of the rectified AC high voltage
input. The first stage converter may comprise a boost con-
verter and the second stage converter may comprise an iso-
lated flyback converter.

A detailed description of these embodiments and accom-
panying drawings is set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified schematic diagram of a multistage
power supply system described herein for use in an electric or
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hybrid-electric vehicle for providing uninterrupted low volt-
age electrical power to control circuitry in the vehicle; and

FIG. 2 is an exemplary, simplified flowchart of a method
described herein for providing uninterrupted low voltage
electrical power to control circuitry in an electric or hybrid-
electric vehicle.

DETAILED DESCRIPTION

With reference to FIGS. 1 and 2, a multistage power supply
system for use in an electric or hybrid-electric vehicle for
providing uninterrupted low voltage electrical power to con-
trol circuitry in the vehicle, and a method for providing unin-
terrupted low voltage electrical power to control circuitry in
an electric or hybrid-electric vehicle will be described. For
ease of illustration and to facilitate understanding, like refer-
ence numerals may be used herein for like components and
features throughout the drawings.

As previously discussed, EV and HEV high voltage bat-
teries for powering the vehicle drivetrain require periodic
re-charging after depletion. Such re-charging may be accom-
plished by connecting the vehicle to a high voltage AC power
line, which may be 120 or 240 volt AC, supplied by an electric
utility grid using a suitable vehicle connector configured to
interface with a vehicle on-board battery charger (OBC).

Asalso discussed, EV and HEV low voltage batteries, such
as a 12 volt DC battery, may provide power to low voltage
vehicle electrical systems and circuitry. Some or all of such
EV or HEV electrical systems and/or circuitry could be sup-
plied power by a power supply system from a high voltage
power source when the vehicle is connected to a high voltage
AC power line. In that event the power source is virtually
unlimited and such an arrangement would help preserve the
charge and/or extend the life of the vehicle 12 volt DC battery.
In the absence of the vehicle connection to the high voltage
AC power line, certain control circuitry could be provided
with sufficient power by the power supply system from the
vehicle 12 volt DC battery to perform various diagnostics
and/or to permit reprogramming of that control circuitry.

Such an arrangement, however, requires switching
between the high voltage power source and the vehicle 12 volt
DC battery, depending upon the presence or absence of the
vehicle connection to the high voltage AC power line. That
switching may be accomplished using control circuitry and
suitable components to sense or detect the presence of the
high voltage power, but such an approach adds cost to the EV
or HEV and increases the possibility of circuitry, component
and/or system failures.

There is therefore a need for a multistage power supply
system and method, which could be implemented as part of a
vehicle on-board charger (OBC), for providing uninterrupted
low voltage electrical power to control circuitry in an EV or
HEV. Such a system and method would provide low voltage
power for vehicle control circuitry from a high voltage power
source when the high voltage power source is present, and
would provide such low voltage power from the low voltage
vehicle battery when the high voltage power source is absent.
Such a system and method would also provide robust and
reliable operation, without control circuitry for switching
between the high voltage power source and the low voltage
vehicle battery and with a minimal number of components.

In general, according to embodiments disclosed herein, a
vehicle OBC may be provided with a power supply system
that accepts energy from two sources, namely, a rectified high
voltage AC input from a high voltage AC power source and a
low voltage input from the vehicle low voltage battery. The
power supply system and method provide uninterrupted
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power so that control circuitry, which may be associated with
the vehicle OBC, may be re-programmed and perform diag-
nostic and communication functions even when only the low
voltage input from the vehicle low voltage battery is applied.
Otherwise, the power supply system and method provide
power to such control circuitry from the high voltage power
source when it is available. The power supply system and
method may be referred to as a housekeeping power supply.

To implement such features, the power supply system com-
prises two stages connected in series. The first stage is a boost
stage that takes the low voltage input from the vehicle low
voltage battery, which may be 12 volts DC, and boosts it to a
high voltage output, which may be 100 volts DC. The second
stage takes a rectified high voltage AC input from a bulk
power source and converts that rectified high voltage AC
input, such as by using an isolated flyback converter, to pro-
duce one or more isolated low voltage outputs, which may be
5 volts DC, to power vehicle control circuitry including asso-
ciated microprocessors.

In that regard, the high voltage boosted output from the low
voltage vehicle batter may be connected via diode to the
rectified high voltage AC input provided by the bulk power
source. When the EV or HEV is connected to a high voltage
AC power line, the bulk power source provides the rectified
high voltage AC input, and the second stage automatically
starts and produces the isolated low voltage outputs. The first
stage boost converter is designed or configured with a set-
point below the minimum of the rectified high voltage AC
input so that when that AC input voltage is connected the
boost converter naturally turns off because the boost con-
verter output is above the converter setpoint.

Alternatively, when the EV or HEV is not connected to a
high voltage AC power line, the bulk power source does not
provide the rectified high voltage AC input. Since the input
provided by the bulk source is zero, the second stage has no
energy from the bulk source. In that event, as previously
described, the first stage takes the low voltage input from the
vehicle low voltage battery and boosts it to a high voltage
output. That high voltage output is provided as an input to the
second stage, which converts it to a low voltage output for use
in powering vehicle control circuitry.

In such a fashion, the multistage power supply system and
method have the ability to operate from two sources, as well
as the ability to preferentially select which sourceisused (i.e.,
the rectified high voltage AC input). The multistage power
supply system and method also draw very low current from
the secondary source (the low voltage battery input) when the
primary source (the rectified high voltage AC input) is avail-
able. No logic circuits are needed to switch between the
energy sources, and fewer parts are required than various
alternatives, such as two parallel flyback supplies with a diode
OR connection and accompanying control circuitry, thereby
providing greater reliability.

Referring now to FIG. 1, a simplified schematic diagram is
shown of a multistage power supply system for use in an
electric or hybrid-electric vehicle. In that regard, as previ-
ously described, the multistage power supply system is con-
figured to provide uninterrupted low voltage electrical power
to control circuitry in the vehicle.

As seen in FIG. 1, the multistage power supply system (10)
comprises a first stage (12) and a second stage (14). The first
and second stages (12, 14) of the multistage power supply
(10) may be provided in series communication with each
other. The first stage (12) of the multistage power supply
system (10) comprises a converter (16) for receiving a low
voltage input (18) from a vehicle battery (not shown), which
may be a 12 volt DC input. The first stage converter (16) is
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also for converting the vehicle battery low voltage input (18)
to a high voltage output (20), which may be a 100 volt DC
output. In that regard, the first stage converter (16) may com-
prise a boost converter for boosting a low voltage 12 volt DC
input from the vehicle batter to a high voltage 100 volt DC
output.

The second stage (14) of the multistage power supply
system (10) comprises a converter (22) for receiving either a
rectified AC high voltage input (24) or the high voltage output
(20) from the first stage (12) of the multistage power supply
system (10). The second stage converter (22), which may be
an isolated flyback converter, is also for converting the recti-
fied AC high voltage input (24) or the first stage high voltage
output (20) to a low voltage output (26), whichmay bea 5 volt
DC output, for use in powering the vehicle control circuitry
(not shown).

More specifically, the low voltage output (26) may be
produced by the second stage (14) from the rectified AC high
voltage input (24) when the rectified AC high voltage input
(24) is present at the input of the second stage converter (22).
Alternatively, when the rectified AC high voltage input (24) is
absent from the input of the second stage converter (22), the
low voltage output (26) may be produced by the second stage
(14) from the first stage high voltage output (20).

In that regard, the rectified AC high voltage input (24) may
be produced as an output by a bulk power source (28) and has
a minimum value associated therewith. In that regard, the
bulk power source (28) may comprise a rectifier and may
produce the rectified AC high voltage input (24) by rectifying
an AC high voltage input received from an AC power line (not
shown).

Still referring to FIG. 1, the first stage converter (16) may
be provided in communication with the output of the bulk
power source (28) (i.e., the rectified AC high voltage input
(24)), such as via diode (36), and may be designed with a
setpoint less than the minimum value of the rectified AC high
voltage input (24). As a result, in the absence of the rectified
AC high voltage input (24) at the input of the second stage
converter (22), the first stage converter (16) may produce the
first stage high voltage output (20) which may be supplied to
the input of second stage converter (22).

As is readily apparent, then, when the rectified AC high
voltage input (24) is produced by the bulk power source (28)
as a result of a connection of the EV or HEV to a high voltage
AC power line, the vehicle control circuitry may be provided
with electrical power via the multistage power supply system
(10) from the bulk power source (28). Alternatively, in the
absence a connection of the vehicle to a high voltage AC
power line, the vehicle control circuitry may still provided
with electrical power via the multistage power supply system
(10) from the vehicle battery.

Thus, the multistage power supply system (10) may pro-
vide uninterrupted low voltage electrical power to the vehicle
control circuitry, without regard to whether the vehicle is
connected to a high voltage AC power line. In such a fashion,
even in the absence of a vehicle connection to a high voltage
AC power line, sufficient power may still be provided to the
vehicle control circuitry via the multistage power supply sys-
tem (10) for the control circuitry to perform various diagnos-
tic operations or to permit reprogramming or re-flashing of
the control circuitry.

It should be noted that the low voltage output (26) for use
in powering the vehicle control circuitry may comprise mul-
tiple isolated low voltage outputs for use in powering multiple
controllers that are part of the vehicle control circuitry (not
shown). For example, one low voltage output (26) may be
provided for powering a controller (not shown) for use in
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primary control operations via a connector (30). Similarly,
another low voltage outputs (26) may be provided for pow-
ering a controller (not shown) for use in low voltage control
operations via another connector (32). Still another low volt-
age output (26) may be provided for powering a controller
(not shown) for use in high voltage control operations via still
another connector (34).

Referring now to FIG. 2, an exemplary, simplified flow-
chart is shown of a method for providing uninterrupted low
voltage electrical power to control circuitry in an electric or
hybrid-electric vehicle. As seen therein, and with continuing
reference to FIG. 1, the method (100) may comprise receiving
(102) a low voltage input (18) from a vehicle battery, and
converting (104) the vehicle battery low voltage input (18) to
a high voltage output (20).

The method (100) may further comprise receiving (106)
one of a rectified AC high voltage input (24) and the high
voltage output (20), and converting (108) one of the rectified
AC high voltage input (24) and the high voltage output (20) to
a low voltage output (26) for use in powering the vehicle
control circuitry. As previously described, the low voltage
output (26) may be produced from the rectified AC high
voltage input (24) when the rectified AC high voltage input
(24) is present, and the low voltage output (26) may be pro-
duced from the high voltage output (20) when the rectified AC
high voltage input (24) is absent.

The method (100) may further comprise providing (110) a
multistage power supply system (10) having a first stage (12)
and a second stage (14) in series communication. In that
regard, receiving the vehicle battery low voltage input (18)
and converting the vehicle battery low voltage input (18) to a
high voltage output (20) may be performed by the first stage
(12) of the multistage power supply system (10). Receiving
one of a rectified AC high voltage input (24) and the high
voltage output (20) and converting the one of the rectified AC
high voltage input (24) and the high voltage output (20) to a
low voltage output (26) may be performed by the second stage
(14) of the multistage power supply system (10).

As described in detail above in connection with FIG. 1, the
first stage converter (16) may comprise a boost converter for
boosting the vehicle battery low voltage input (18), which
may comprise a 12 volt DC input, to produce the high voltage
output (20), which may comprise a 100 volt DC output. As
also previously described, the second stage converter (22)
may comprise an isolated flyback converter. It should also be
noted that the steps of the method (100) may be performed in
an order other than that illustrated and described herein,
which order is exemplary only, including the performance of
one or more of the steps simultaneously.

As well, the rectified AC high voltage input (24) may again
be produced as an output by a bulk power source (28), which
may comprise a rectifier and produce the rectified AC high
voltage input (24) by rectitying an AC high voltage input from
an AC power line. The rectified AC high voltage input (24) has
a minimum value associated therewith. The first stage con-
verter (16) may be provided in communication with the out-
put of the bulk power source (28) (i.e., the rectified AC high
voltage input (24)), and may be provided with a setpoint less
than the minimum value of the rectified AC high voltage input
(24). In such a fashion, the first stage converter (16) may be
configured to produce the high voltage output (20) in the
absence of the rectified AC high voltage input (24).

Once again, as previously described in detail in connection
with FIG. 1, the low voltage output (26) for use in powering
the vehicle control circuitry may comprise multiple low volt-
age isolated outputs for use in powering multiple controllers
that are part of the vehicle control circuitry. As also previously



US 9,211,798 B2

7

described, even in the absence of a vehicle connection to a
high voltage AC power line, sufficient power may still be
provided to the vehicle control circuitry via the method (100)
for the control circuitry to perform various diagnostic opera-
tions and/or to permit reprogramming or re-flashing of the
control circuitry.

As is readily apparent from the foregoing description, a
multistage power supply system and method are disclosed for
providing uninterrupted low voltage electrical power to con-
trol circuitry in an EV or HEV. The system and method are
dual source, accepting energy from a high voltage power
source and a low voltage vehicle battery. The system and
method provide low voltage power for vehicle control cir-
cuitry from the high voltage power source when the high
voltage power source is present, such as via connection of an
EV or HEV to a high voltage AC power line, and provide such
low voltage power from the low voltage vehicle battery when
the high voltage power source is absent. The system and
method, which may implemented as part of a vehicle OBC, do
so without control circuitry for switching between the high
voltage power source and the low voltage vehicle battery, and
with a minimal number of components in order to reduce cost
and improve reliability

While certain embodiments of a multistage power supply
system and method for use in an EV or HEV for providing
uninterrupted low voltage electrical power to vehicle control
circuitry have been illustrated and described herein, they are
exemplary only and it is not intended that these embodiments
illustrate and describe all those possible. Instead, the words
used herein are words of description rather than limitation,
and it is understood that various changes may be made with-
out departing from the spirit and scope of the following
claims.

What is claimed is:

1. A multistage power supply system for providing unin-
terrupted low voltage electrical power to vehicle control cir-
cuitry inan electric or hybrid-electric vehicle having a vehicle
battery, the system comprising:

a first stage comprising a converter for receiving a low
voltage input from the vehicle battery and converting the
vehicle battery low voltage input to a high voltage out-
put; and

a second stage provided in series communication with the
first stage, the second stage comprising a converter for
receiving one of a rectified AC high voltage input and the
first stage high voltage output and converting the one of
the rectified AC high voltage input and the first stage
high voltage output to a low voltage output to power the
vehicle control circuitry;

wherein the low voltage output is produced by the second
stage from the rectified AC high voltage input when the
rectified AC high voltage input is present, and the low
voltage output is produced by the second stage from the
first stage high voltage output when the rectified AC high
voltage input is absent without detection of the absence
of the rectified AC high voltage input and wherein the
low voltage output produced by the second stage from
the first stage high voltage output provides at least a
power level to the vehicle control circuitry required for
the control circuitry to perform diagnostic operations or
to permit reprogramming of the control circuitry when
the rectified AC high voltage input is absent.

2. The system of claim 1 wherein the rectified AC high
voltage input is produced as an output by a bulk power source,
the rectified AC high voltage input has a minimum value, the
first stage converter is provided in communication with the
bulk power source output, and the first stage converter has a
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setpoint less than the minimum value of the rectified AC high
voltage input so that the first stage converter produces the first
stage high voltage output in the absence of the rectified AC
high voltage input.

3. The system of claim 2 wherein the bulk power source
comprises a rectifier for rectifying an AC high voltage input
received from an AC power line.

4. The system of claim 1 wherein the vehicle battery low
voltage input comprises a 12 volt DC input and the first stage
high voltage output comprises a 100 volt DC output.

5. The system of claim 1 wherein the low voltage output for
use in powering the vehicle control circuitry comprises a 5
volt DC output.

6. The system of claim 1 wherein the low voltage output
comprises a plurality of low voltage outputs for use in pow-
ering a plurality of controllers, a first one of the plurality of
low voltage outputs for powering a first controller for use in
primary control operations, a second one of the plurality of
low voltage outputs for powering a second controller for use
in low voltage control operations, and a third one of the
plurality of low voltage outputs for powering a third control-
ler for use high voltage control operations.

7. The system of claim 1 wherein the second stage con-
verter comprises an isolated flyback converter.

8. The system of claim 1 wherein the first stage converter
comprises a boost converter.

9. A method for providing uninterrupted low voltage elec-
trical power to vehicle control circuitry in an electric or
hybrid-electric vehicle having a vehicle battery and a multi-
stage power supply, the method comprising:

receiving, at a first stage, a low voltage input from the

vehicle battery;

converting, by the first stage, the vehicle battery low volt-

age input to a high voltage output;

receiving, at a second stage provided in serial communica-

tion with the first stage, one of a rectified AC high volt-
age input and the high voltage output; and
converting, by the second stage, the one of the rectified AC
high voltage input and the high voltage output to a low
voltage output to power the vehicle control circuitry;

wherein the low voltage output is produced from the rec-
tified AC high voltage input when the rectified AC high
voltage input is present, and the low voltage output is
produced from the high voltage output when the recti-
fied AC high voltage input is absent without detection of
the absence of the rectified AC high voltage input and
wherein the low voltage output produced by the second
stage from the first stage high voltage output provides at
least a power level to the vehicle control circuitry
required for the control circuitry to perform diagnostic
operations or to permit reprogramming of the control
circuitry when the rectified AC high voltage input is
absent.

10. The method of claim 9 wherein the rectified AC high
voltage input is produced as an output by a bulk power source,
the rectified AC high voltage input has a minimum value, the
first stage comprises a converter provided in communication
with the bulk power source output, and the first stage con-
verter has a setpoint less than the minimum value of the
rectified AC high voltage input so that the first stage converter
produces the first stage high voltage output in the absence of
the rectified AC high voltage input.

11. The method of claim 10 wherein the bulk power source
comprises a rectifier for rectifying an AC high voltage input
received from an AC power line.
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12. The method of claim 9 wherein the vehicle battery low
voltage input comprises a 12 volt DC input and the first stage
high voltage output comprises a 100 volt DC output.

13. The method of claim 9 wherein the low voltage output
for use in powering the vehicle control circuitry comprises a
5 volt DC output.

14. The method of claim 9 wherein the low voltage output
comprises a plurality of low voltage outputs for use in pow-
ering a plurality of controllers, a first one of the plurality of
low voltage outputs for powering a first controller for use in
primary control operations, a second one of the plurality of
low voltage outputs for powering a second controller for use
in low voltage control operations, and a third one of the
plurality of low voltage outputs for powering a third control-
ler for use high voltage control operations.

15. The method of claim 9 wherein the second stage com-
prises an isolated flyback converter.

16. The method of claim 9 wherein the first stage converter
comprises a boost converter.
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